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GRANT REPORT 
L E O P O L D C E N T E R	 98-80FOR SUSTAINABLE AGRICULTURE 
Toxicity of pesticides adsorbed to suspended 
sediment to larval fish in the Cedar River 
Abstract:How do suspended sediment and pesticides introduced into Iowa streams and rivers by erosion 
of agricultural soil affect warm water fish? This study looks at how chlorpyrifos, a widely used pesticide, 
and suspended sediment interact with each other in river water and their effects on the survival of larval 
walleye. 
Principal Investigator: 
Robert C. Summerfelt 
Animal Ecology 
Iowa State University 
Background 
A loss of fish species diversity in many Mid­
western streams has been observed. The cause 
of the loss in fish species diversity is not 
known, although agricultural activities are of­
ten implicated. According to the U.S. Envi­
ronmental Protection Agency, agriculture is 
the most important source of pollution affect­
ing streams in the Midwest. Agriculture is the 
major source of both suspended and bottom 
sediment as well as pesticides and other chemi­
cals found in Midwestern streams. Sediment 
accumulation on river bottoms may degrade 
fish habitat while suspended sediment or pes­
ticides may be directly toxic to fish at critical 
life stages. 
Natural resource conservation agencies attempt 
to deal with declining fish populations by 
restocking, especially when the affected spe­
cies is a sport fish. For example, walleye were 
historically a common indigenous species in 
Iowa’s Cedar River, but are now rare. The 
state fisheries agency has tried for 30 years to 
stock larval walleye in the Cedar River, but 
with very poor survival rates. Because the 
reasons for the poor survival have not been 
identified, it has been difficult to develop new 
management strategies to sustain fish popula­
tions. Therefore, the investigators conducted 
laboratory and field experiments to partition 
suspended sediment effects per se from sedi-
ment-pesticide interactions as factors affect­
ing the survival of larval walleye. The re­
searchers were particularly interested in the 
actions of chlorpyrifos, a broad-spectrum in­
secticide widely used in agriculture to control 
rootworm and other crop pests in Iowa. 
Chlorpyrifos is known to be highly toxic to 
fish. 
The research objectives were to: 
1.	 Describe the physical and chemical char­
acteristics of sediment and water samples 
from the upper Cedar River, 
2.	 Determine the toxicity of the same river 
sediments and water samples to larval 
walleye, 
3.	 Measure isotherms for sorption and des­
orption of chlorpyrifos on six smectites (a 
common type of clay in soils and sedi­
ments), humic acid, and natural river sedi­
ment, and 
4.	 Determine whether pesticides adsorbed to 
suspended sediment are more or less toxic 
to larval fish than the same exposure con­
centration to those pesticides in solution. 
Approach and Methods 
For objective 1, the researchers collected and 
characterized water and sediment samples from 
the upper Cedar River during 1997, 1998, and 
1999. For objective 2, walleye eggs were 
cultured and hatched in test chambers, and the 
toxicity of Cedar River water and suspended 
sediment to larval walleye was determined. 
For objective 3, sorption and desorption of 
chlorpyrifos on smectites, humic acid, and 
suspended sediment collected from the upper 
Co-investigator 
David A. Laird 
USDA, ARS, NWA 
National Soil Tilth 
Laboratory 
Ames, IA 
Budget: 
$24,969 for year one 
$25,737 for year two 
$27,373 for year three 
Leopold Center Progress Reports	 Volume 10 (2001) 
Cedar River was measured in laboratory stud­
ies. And for objective 4, the toxicity of 
chlorpyrifos adsorbed on suspended clay and 
humic acid to larval walleye was evaluated. 
Results and Discussion 
Suspended solids, water samples, and river 
bottom sediment from the upper Cedar River 
were analyzed for the most common herbi­
cides and most common organophosphorus 
insecticides used in Iowa. No detectable con­
centrations of pesticides were found in the 
September 1997 samples. In 1998, metolachlor 
was present in water samples collected in 
March and May and desethyl atrazine was 
detected in April and May. Five spring 1999 
samples of suspended solids, river bottom 
sediment, and water samples were collected. 
Metolachlor was present in water samples 
collected on four of the five sampling dates. 
Acetochlor was present in the May 1999 water 
sample. All of the detected herbicides were 
present at low levels. No detectable concen­
trations of these pesticides were found in any 
of the suspended or river bottom sediment 
samples for the 1997 through 1999 sampling 
dates. 
The study revealed large differences in the 
amount of chlorpyrifos adsorbed on suspended 
sediment, humic acid, and different types of 
clay. Both physical and chemical properties of 
suspended sediment appear to control sorption 
activity. The results indicate that both the 
amount and the properties of suspended sedi­
ment in a river will determine whether 
chlorpyrifos is adsorbed on the suspended 
sediment or is in the river water. 
Chlorpyrifos was found to disappear rapidly 
from aqueous systems. The rate of disappear­
ance was affected by the water chemistry as 
well as the amount and type of suspended 
sediment. As the chlorpyrifos disappears, 
degradation products of chlorpyrifos appear in 
the aqueous systems. However, levels of the 
degradation products are not enough to ac­
count for the disappearance of the chlorpyrifos. 
The presence of suspended sediment in an 
aqueous system greatly reduces the initial aque­
ous concentrations of chlorpyrifos, but over 
time the suspended sediment slowly releases 
chlorpyrifos back to the water, prolonging the 
time that low levels of chlorpyrifos are present 
in the aqueous system relative to controls 
lacking suspended sediment. 
The experiments conducted on three larval 
stages of walleye in 1998 and 1999 indicate 
that water and suspended sediment from the 
Cedar River are not more toxic to larval wall­
eye, at any larval stage, than reference water 
and sediment. Humic acid was not toxic to 
walleye, however chlorpyrifos adsorbed on 
humic acid was toxic. Some types of clay were 
also found to be highly toxic to larval fish at 
critical stages. 
Conclusions 
Neither the water nor the sediment in the upper 
Cedar River is toxic to larval walleye. Con­
centrations of pesticides in the river water 
were too low to cause fish mortality and no 
pesticides were detected in either the sus­
pended or river bottom sediment. However, 
the study does not eliminate the possibility that 
pesticides transported in runoff from a specific 
storm event may contribute to mortality of 
larval fish. Chlorpyrifos quickly degrades in 
aqueous systems. Suspended sediment in river 
water has the capacity to absorb substantial 
amounts of chlorpyrifos. Sorption on sus­
pended sediment does not detoxify 
chlorpyrifos, but may actually slow down the 
rate of chlorpyrifos degradation and prolong 
the exposure of aquatic organisms to low lev­
els of chlorpyrifos. 
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Impact of Results 
Water and sediment collected from the upper 
Cedar River were found not to be toxic to 
larval walleye. This suggests that fisheries 
managers should consider other potential 
causes for poor larval walleye survival in the 
upper Cedar River. Other factors that could 
limit natural recruitment of walleye in this area 
may include a lack of nursery habitat and 
scarcity of natural food. 
Some types of clay were found to be highly 
toxic to larval walleye. This suggests that it 
may be difficult or impossible to sustain fish 
populations in rivers and streams where such 
clays naturally occur as suspended sediment. 
There is a clear need for more research to 
understand why some types of suspended sedi­
ment are toxic to fish while other types may 
even enhance fish survival. 
The study indicates that sorption of 
chlorpyrifos, and possibly other pesticides, on 
suspended sediment does not detoxify the pes­
ticide and may act to buffer aqueous concen­
trations of the pesticide. Thus an erosion event 
immediately following field application of 
chlorpyrifos could transport substantial 
amounts of sediment bound chlorpyrifos to an 
aquatic environment. Once there, the con­
taminated sediment would act as a slow but 
steady source of chlorpyrifos to the water, 
thereby causing long-term exposure of aquatic 
organisms to low levels of aqueous 
chlorpyrifos. 
Education and Outreach 
Results of this research have been documented 
in two posters presented at national meetings 
of the American Society of Agronomy and 
Soil Science Society of America (1998 and 
1999). Oral presentations were made during a 
special symposium on pesticide-clay interac­
tions at the 2000 national meetings of the Clay 
Minerals Society, and at the Ozark-Prairie 
Society of Environmental Toxicology and 
Chemistry. The work also was described at 
seminars in the departments of agronomy and 
animal ecology, and interdepartmental toxi­
cology program at Iowa State University in 
spring 2000. 
Several papers on the research are currently 
under review by scholarly journals in the fields 
of soil science and environmental quality. One 
paper is scheduled for 2001 publication date in 
the Journal of the Iowa Academy of Science. 
For more information 
contact either Robert C. 
Summerfelt, Animal 
Ecology, Iowa State 
University, Ames, Iowa 
50011; (515) 294-6107, 
e-mail: 
rsummerf@iastate.edu 
or David A. Laird, 
USDA-ARS-MWA, 
National Soil Tilth 
Laboratory, Ames, Iowa 
50011; (515) 294-1581, 
e-mail: laird@nstl.gov 
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